In order to better understand animal models of Alzheimer's disease, novel phenotyping strategies have been established for transgenic mouse models. In line with this, the current study characterised male APPxPS1 transgenic mice on mixed C57BL/6JxC3H/HeJ background for the first time for social recognition memory, sensorimotor gating, and spatial memory using the cheeseboard test as an alternative to the Morris water maze. Furthermore, locomotion, anxiety, and fear conditioning were evaluated in transgenic and wild typelike animals. APPxPS1 males displayed task-dependent hyperlocomotion and anxiety behaviours and exhibited social recognition memory impairments compared to wild type-like littermates. Spatial learning and memory, fear conditioning, and sensorimotor gating were unaffected in APPxPS1 transgenic mice. In conclusion, this study describes for the first time social recognition memory deficits in male APPxPS1 mice and suggests that spatial learning and memory deficits reported in earlier studies are dependent on the sex and genetic background of the APPxPS1 mouse line used. Furthermore, particular test conditions of anxiety and spatial memory paradigms appear to impact on the behavioural response of this transgenic mouse model for Alzheimer's disease. 
Introduction
Alzheimer"s disease (AD) is the most common form of dementia, predicted to affect 1 in 85 people globally in 2050. Disease progression from mild to severe stages encompasses impaired learning and communication, spatial disorientation, and memory loss. Two major post-mortem histological diagnostic features describe AD: 1) cleavage of the amyloid precursor protein (APP) produces amyloid beta (Aβ) depositions, which form senile plaques, and 2) hyper-phosphorylation of tau protein causes intracellular neurofibrillary tangles [1] [2] .
Importantly, elevated levels of Aβ in post-mortem brain tissue correlated with AD-typical memory decline in patients diagnosed with dementia [3] . Familial AD (FAD) is the hereditary form of AD (early onset, autosomal dominant) and accounts for <10% of AD cases (the remaining are classified as sporadic forms of AD) [1] . A number of mutations in genes encoding the amyloid precursor protein (APP), and presenilins, a family of enzymes responsible for the processing of APP, have been identified for FAD. Presenilin 1 and 2 (PSEN1, PSEN2) are responsible for the activity of γ-secretase, one of the enzymes responsible for the cleavage of APP into Aβ isoforms [1] [2] .
Murine models are most commonly used to investigate the pathology of AD. The mice used in this study were generated by the co-injection of a chimeric human/murine APP construct bearing the Swedish double mutation (APP Swe ) and the exon-9-deleted PSEN1 mutation (PSEN1/∆E9) [4] [5] . APP Swe /PS1∆E9 (APPxPS1) double transgenic mice exhibit increased levels of Aβ at 4 months of age and develop accelerated plaque pathology, which is correlated with age [4] [5] [6] . Furthermore, impairments in cholinergic and muscarinic transmission develop alongside Aβ accumulation in the brain of APPxPS1 mice at 5-7 months of age, reminiscent of AD pathology [7] [8] .
Various behavioural and cognitive deficits have been documented for this transgenic AD mouse model. Most notable are spatial memory impairments in the Barnes maze and Morris water maze (MWM), with the earliest deficits appearing at 7 and 8 months respectively [9] [10] . These cognitive deficits were more pronounced with age and correlated with increasing plaque deposition [11] [12] [13] , which is sex-specific [6] . Other behavioural characteristics reported for APPxPS1 mice include decreased anxiety and increased locomotor activity [14] .
However, some of the reported behavioural characteristics were inconsistent across laboratories. For example, Reiserer and colleagues could not replicate the anxiolytic phenotype reported earlier [10, 14] . More importantly, spatial memory deficits in the reversal task of the MWM were detected in 9-10-month-old mice [15] whereas another study reported no deficits in the reversal task in 12-month-old mice [16] . Furthermore, some studies combined both male and female mice within one test cohort [10, 14, 17] , even though other studies revealed sex-specific differences in APPxPS1 mice [6, 18] .
In order to better understand animal models of AD, recent phenotyping studies in transgenic mouse models of AD have considered alternative spatial memory paradigms (i.e. cheeseboard; [19] ) and also evaluated transgenic mice in novel behavioural domains such as social recognition memory [20] and sensorimotor gating [21] . In the present study we tested the APPxPS1 transgenic mouse model in these novel paradigms to determine the behavioural phenotype of this mouse model in more detail. 
Materials and methods

Animals
Behavioural Phenotyping
Starting at 7 months of age, mice were tested in a battery of behavioural tests (for test order see Table 1 ; for test details see below) with an inter-test interval of at least 48h. All tests were conducted during the first 5 h of the light phase to minimise effects of the circadian rhythm on the performance of test mice.
Light-dark test (LD):
In the LD, the distance travelled and time spent in a brightly illuminated, aversive test arena compared to a dark area are indicators of anxiety in rodents [24] [25] . The apparatus (for details see [26] ) was an infrared photobeam-controlled open-field activity test chamber (MED Associates Inc., St Albans, USA) containing a dark box insert that covered half the chamber and was opaque to visible light. Mice were placed at the opening (faced towards the dark compartment) at the start of the experiment. The time spent as well as the distance travelled in the two chambers was recorded for 10 min.
Elevated plus maze (EPM):
The EPM assesses the natural conflict between the tendency of mice to explore a novel environment and avoidance of a brightly lit, elevated and open area [27] [28] . The grey plus maze was "+" shaped (for details of apparatus see [29] ).
Mice were placed at the centre of the + (faced towards an enclosed arm) and were allowed to explore the maze for 5 min. The time spent and distance travelled in the open and enclosed arms were recorded using AnyMaze TM (Stoelting, Wood Dale, USA) tracking software.
Social preference test (SPT):
The SPT was used to assess sociability and social novelty preference (i.e. social recognition memory) in test mice [30] [31] . 
Fear Conditioning:
Fear conditioning assesses associative learning whereby a previously neutral stimulus elicits a fear response after it has been paired with an aversive stimulus. On conditioning day, mice were placed into the test chamber (Model H10-11R-TC, Coulbourn Instruments, USA) for 2 min. Then an 80 dB conditioned stimulus (CS) was presented for 30 seconds with a co-terminating 0.4 mA 2 second foot shock (unconditioned stimulus; US) twice with an inter-pairing interval of 2 min). The test concluded 2 min later.
The next day (context test), mice were returned to the apparatus for 7 min. On day 3 (cue test), animals were placed in an altered context for 9 min. After 2 min (pre-CS/baseline), the CS was presented continuously for 5 min. The test concluded after another 2 min with the absence of the CS. Time spent freezing was measured using Any-Maze TM software [32] [33] .
To avoid any influence of foot shock exposure on further testing, a inter-test interval of several months was chosen and all following tests were carried out in other tests rooms than the fear conditioning test.
Cheeseboard (CB):
The CB was used as a less stressful dry-land alternative of the MWM [19] . Mice at 10-11 months of age were trained to find a food reward on a wooden board over a number of days (for specifics of test apparatus see [34] ). A total of 32 bottle caps were evenly distributed across the CB and external cues were located around the board.
One cap contained a food reward (100 μl sweetened condensed milk; diluted 1:4 with water)
although all caps were brushed lightly with diluted sweetened condensed milk to eliminate the chance that mice use odour cues to find the target cap. For this, all mice were fooddeprived and kept at 85-90% of their pre-test body weight throughout testing (mice were fed for 1-2 h per day). A camera was mounted above the CB to measure latency to find the reward and time spent in the different CB zones (i.e. board was separated into 8 equal zones)
using Any-Maze TM software.
During habituation, (3 days to the blank side on the inverted platform of the CB) three 2 min trials were conducted each day for three days with a 10 min intertrial interval (ITI). For spatial reference memory acquisition, mice were trained over 9 days (three trials per day with a 10 min ITI) to locate the food reward. The location of the target well was kept constant for each mouse between trials and across days but quasi-randomised and counterbalanced across genotypes. If the target well was not located within 2 min, mice were placed next to the target well and allowed to consume the food reward. To test for spatial reference memory, a probe trial was conducted on day 10, where no wells were baited and mice were given 2 min to explore the board freely. The time the mice spent in the different zones of the CB (i.e. % exploration time) was recorded (as previously described [32] ).
To test reversal learning (start of training 24h post probe trial), the location of the food reward was moved to the opposite side of the CB. Mice completed 4 days of reversal training (three trials per day with a 10 min ITI) before a reversal probe trial was carried out. 
Statistical Analysis
Analysis of the behavioural parameters was performed using one-way analysis of variance (ANOVA) to investigate main effects of "genotype" or repeated measures (RM) ANOVAs for effects of "chamber" (SPT), "time" (CB) "1 min block" (FC), "startle block" and "prepulse intensity" (both PPI) as published previously [34] . Performance in the CB probe trials and social preference test were also assessed using one sample t-tests to investigate whether the percentage of time spent in the target zone or novel chamber were greater than chance (12.5%
and 50% respectively). 
Results
Anxiety
One-way ANOVA for total distance travelled in the LD revealed an effect of "genotype"
[F(1,29) = 11.7, p < .01; including the total time spent in enclosed arms and the total distance travelled in enclosed arms (data not shown).
Cognition
Social Preference Test:
All mice demonstrated sociability in the 3-chamber social preference test. RM ANOVA detected a significant effect of test chamber for all mice for total time spent in chamber [F(1,29) = 50.1, p < .001; "genotype" x "chamber" interaction: (Fig. 1A) . One-way ANOVA for total time spent in opponent chamber revealed that transgenic mice spent a less time in the mouse chamber than WT control mice ( Table 2) .
Fear Conditioning:
All mice responded to the electric foot shocks delivered during the conditioning phase (i.e. vocalisation). Furthermore, the baseline freezing prior to conditioning was similar across genotypes [F(1,29) = .3, p = .5; evidenced by a significant increase in freezing behaviour in response to the presentation of the cue [RM ANOVA for "1 min block": F(1,29) = 9.3, p < .01 -no "1 min block" by "genotype" interactions; Table 3 ].
Cheeseboard:
Mice of both genotypes showed normal task acquisition as indicated by RM ANOVA for "time" [F(8,208) = 38.8, p < .001 -no interaction with "genotype"; Fig. 2A ], demonstrating a significant decrease in latency to find and consume the reward across days.
In the probe trial, all mice demonstrated a preference for the target zone [WT: t(11) = 3.1, p < .01; APPxPS1: t(15) = 3.7, p < .01], as they spent significantly more time than chance (i.e.
12.5%) in the target zone, indicating successful recall of the reward location (Fig. 2B) . 
Sensorimotor gating
Acoustic startle response (ASR) and ASR habituation:
RM ANOVA revealed a significant effect of "pulse intensity" [F(2,50) = 25.3, p < .001] on the ASR of all mice with 120 dB pulses generating the highest startle responses (Fig 3A) . (Fig. 3B] .
Prepulse inhibition:
Prepulse intensities had a significant effect on %PPI as increasing prepulse intensities resulted in more pronounced prepulse inhibition [RM ANOVA: F(2,50) = 28.4, p < .001] (Fig. 3C) . Importantly, sensorimotor gating was not altered in transgenic mice as no effects of "genotype" were found at any prepulse intensity [p > .05 for all parameters investigated; Fig. 3C ].
Olfaction (Cookie test)
All mice found and consumed the buried food reward within the allotted time as measured in seconds (WT: 300.6 ± 61.6 -APPxPS1: 227.8 ± 46.4). The performance of transgenic mice in the olfactory test was comparable to WT mice [latency to find buried food: F(1,27) = .9, p =
.3], suggesting WT-like olfactory abilities of transgenic AD mice.
Discussion
This is the first report that APPxPS1 males develop social recognition memory impairments.
Furthermore, transgenic males displayed task-dependent hyperlocomotion and anxiety behaviours. Spatial learning and memory in the CB paradigm as well as sensorimotor gating and fear conditioning were all unaffected in 10-month-old APPxPS1 mice.
Agitation and increased motor activity (restlessness) is one characteristic of AD patients [39] .
Measuring the locomotor activity of APPxPS1 mice revealed that transgenic animals developed a hyperlocomotive phenotype in the LD test at the age of 7 months. This finding is in line with a study testing 8-months old APPxPS1 male in the open field [11] although other studies reported wild type-like locomotion of APPxPS1 [10, 14, 40] . Importantly, a detailed comparison of all these studies suggests that the characteristics of the particular APPxPS1 mouse model tested (i.e. number of backcrosses onto C57BL/6J background), the sex of test animals and the methodology used to analyse locomotion (e.g. test duration and the level of stress caused by test apparatus) may account for inconsistent behavioural responses across studies. Methodological differences might also explain why hyperlocomotion of APPxPS1 males of the current study was detected in the LD test but not the EPM.
Male APPxPS1 mice displayed wild type-like anxiety levels in the LD test, which is consistent with earlier reports [10] . However, transgenic males were more anxious in the EPM compared to control animals. This task-specific anxiety phenotype may be related to the human clinical setting as there are AD patients who experience symptoms of anxiety [41] . In contrast, Lalonde and co-workers detected decreased anxiety levels in APPxPS1 mice (males and females were tested together) and interpreted this phenotype as a loss of behavioural inhibition, akin to dis-inhibitory tendencies observed in AD patients [14] .
While control mice exhibited a clear preference for the novel opponent as expected [30] , APPxPS1 males did not differentiate between the novel and familiar opponent mouse suggesting deficits in social recognition memory (as measured by time spent in chamber and time spent sniffing opponent). This effect was not confounded by the hyperactive phenotype of APPxPS1 mice observed in the light-dark test as locomotion was identical in both chambers across genotypes. All test mice were also characterised in the cookie test, as the test performance is dependent on olfactory abilities and as AD patients and some mouse models of AD exhibit impaired olfaction [42] [43] . All test animals showed normal olfactory abilities in the cookie test. In addition, Rey and colleagues showed that the olfactory discrimination under baseline conditions (using a 5 min delay between first and second exposure to novel/familiar odours) was identical for control and APPxPS1 mice [44] . Interestingly, transgenic mice of that study exhibited impaired odour retention with a 15 min delay.
However, as the inter-trial interval of the social preference test in our study was 5 min, it is unlikely that the social recognition memory deficit of APPxPS1 mice was influenced by a reduced ability of transgenic mice to recall odours they had encountered earlier. Furthermore, control and APPxPS1 males displayed normal sociability (i.e. preference to investigate a mouse over an empty chamber) although this preference was more pronounced in WT mice.
Importantly, the task-dependent anxiety phenotype of transgenic mice in the elevated plus maze (but not the light-dark test) did not impact on the natural drive of mice to explore another mouse. Both WT and APPxPS1 mice exhibited a clear preference to investigate the social stimulus presented during the sociability test. However, the intact but compared to control mice reduced levels of social interaction/investigation of another mouse observed in APPxPS1 mice may be influenced by the anxiety phenotype detected in the elevated plus maze.
In support of an impaired social recognition memory in AD mice is a recent study reporting impaired social recognition in the Thy1-hAPP(Lond/Swe+) transgenic mouse model [20] . In this context, it is interesting to note that AD patients have difficulties to recognise familiar faces [45] . Brain regions responsible for recognition memory are the perirhinal cortex and hippocampus [46] , both regions are compromised in AD patients [47] . Furthermore, the amygdala, which is associated with social behaviours, undergoes atrophy in AD patients [48] .
Thus, impairments in social recognition memory may be caused by pathological changes in these brain regions in APPxPS1 mice. Further research will have to address potential histological differences in these regions between WT and APPxPS1 mice.
The deficit in recognition memory was specific as fear conditioning (i.e. associative learning)
was intact in 7-month-old transgenic mice, which is similar to what had been reported in 4-month-old APPxPS1 females [49] . Furthermore, task acquisition and retention of spatial memory of APPxPS1 males were not impaired in the hidden version of the CB paradigm. APPxPS1 mice have been described to develop spatial learning and memory deficits, which are most often evaluated in the MWM. In females, deficits in spatial learning were evident in 9-10-month-old APPxPS1 mice [15, 50] and retention deficits were detected in 12-month-old transgenic animals [51] . However, only one study has investigated male APPxPS1 mice on C57BL/6JxC3H/HeJ background to date. Cao and co-workers reported intact task acquisition but impaired spatial memory retention for 8-month-old transgenic males [9] , whereas APPxPS1 males backcrossed to C57BL/6J developed spatial learning and memory deficits at the age of 9-15 months. This suggests an influence of the genetic background of APPxPS1 males on the development of cognitive deficits [52] [53] . Importantly, the CB paradigm used in current study is classified as the dry version of the MWM [54] and has been validated as an alternative spatial memory test to detect cognitive impairments in AD transgenic mice [19] .
Nonetheless, comparing results between MWM and CB testing requires caution as the MWM can impact severely on the stress response of mice (for this and other issues relevant to MWM testing of mice see [54] [55] [56] [57] [58] ). Thus, the anxiety phenotype of male APPxPS1 mice may explain the differences between the cognitive performance of transgenic animals in the MWM [9] and the CB of the current study. Two previous studies found deficits in spatial learning and memory of APPxPS1 males using the CB paradigm. However, one study used WT and transgenic mice at the age of 24 months [59] and both studies detected cognitive impairments in the cued (but not the hidden) version of the CB only [21, 59] .
A meta-analysis has found social withdrawal is among the first symptoms displayed by AD patients, occurring up to 33 months on average prior to the diagnosis of AD [39] . In line with this, 10-month-old APPxPS1 males appear to demonstrate social recognition memory impairments in the absence of any other cognitive deficits. Thus, testing APPxPS1 males on a mixed background, which are significantly older than the cohort tested in the current study, might result in spatial memory deficits in the hidden versions of both CB and MWM.
Studies have identified suppression of the P50 event-related potential of sensorimotor gating in AD patients [60] . The present study found that sensorimotor gating as measured by prepulse inhibition was unaltered in 10-month-old APPxPS1 males. This is supported by a previous study that found no PPI deficits in a mixed cohort of 12-month-old male and female mice of another APPxPS1 line [61] . However, a more recent study showed that female APPxPS1 of the same line developed sensorimotor gating deficits at the age of 7 months [35] .
However, sex and PPI protocol-specific effects are likely [6, 37, [62] [63] .
In conclusion, this investigation describes for the first time social recognition memory deficits in male APPxPS1 mice. Furthermore, this deficit manifests at least 3 months prior to any evidence of other cognitive deficits such as spatial learning and memory impairments.
The deficits in social recognition could be linked to possible impairments of the prefrontal cortex and hippocampus caused either by the deposition of Aβ or other underlying pathological symptoms. The observed anxiety phenotype and the absence of any spatial deficits in 10-month-old male APPxPS1 mice on a mixed background emphasize the necessity to consider sex and genetic background effects in AD mouse models and to pay attention to details of the cognitive paradigms undertaken. 
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